Abstract: Level of feed intake did not affect the apparent total tract digestibility (ATTD) of calcium (Ca) and phosphorus (P) in gestating sows. Gestating sows had reduced ATTD of Ca and P compared with growing gilts. Formulating diets for sows using values obtained from growing pigs, therefore, may result in inaccuracies.
Diets fed to pigs are formulated based on values for digestible phosphorus (P) and digestibility values for most P-containing feed ingredients have been reported (NRC 2012) . Likewise, digestibility values for calcium (Ca) in a number of feed ingredients have been published (Stein et al. 2016) , but all of these values were determined in diets fed to growing pigs and the values are subsequently applied to all categories of pigs, including sows. Values for digestibility of Ca and P may be accurately determined in diets containing between 50% and 150% of the estimated requirement of each mineral (Stein et al. 2008 (Stein et al. , 2011 . There is, however, very limited information about the digestibility of Ca and P by sows and to our knowledge, there are no comparative values for growing pigs and gestating sows fed the same diets at the same level of feed intake.
When comparing digestibility values between growing pigs and sows, it is always a concern that gestating sows are usually restricted in their feed intake, whereas growing pigs are generally allowed ad libitum intake of feed. It is, therefore, not always possible to distinguish between effects introduced by differences in feed intake and effects related to physiological differences between sows and growing pigs. It was, however, recently demonstrated that the level of feed intake by gestating sows does not impact the apparent total tract digestibility (ATTD) of energy and fiber (Casas and Stein 2017 ), but it is not known if that is also the case for Ca and P. Therefore, the objective of this work was to test the hypothesis that the level of feed intake by gestating sows does not influence the ATTD of Ca and P. The second objective was to test the hypothesis that values for ATTD of Ca and P determined in growing pigs are also representative for values for ATTD of Ca and P in gestating sows.
Forty eight gestating sows [35.0 ± 0.8 d of pregnancy; average parity = 3.1 ± 1.9; initial body weight (BW) = 226.1 ± 24.1 kg] and 24 growing gilts (initial BW = 51.5 ± 3.1 kg) were used. Details on animals, housing, diets, and sample collection have been reported (Casas and Stein 2017) . In brief, a basal diet based on corn and soybean meal and two diets containing 60% of the basal diet and 40% full fat rice bran (FFRB) or defatted rice bran (DFRB) were fed to gestating sows at either 1.5 or 3.5 times the maintenance requirement for metabolizable energy (ME) for gestating sows (i.e., 100 kcal ME kg ; NRC 2012). Only one batch of each diet was mixed and the same three diets were also fed to 24 growing gilts that were provided feed at 3.5 times the maintenance requirement for ME for growing pigs (i.e., 197 kcal ME kg −1 BW 0.60 ; NRC 2012). The 48 sows were used in four blocks of 12 sows with 2 sows per treatment in each block for a total of 8 sows per treatment. The 24 growing pigs were used in one block and randomly allotted to the three diets with 8 replicate pigs per treatment. In the basal diet, 1.15% dicalcium phosphate and 0.78% limestone were included, whereas no dicalcium phosphate, but 1.64% limestone was included in the two diets containing FFRB or DFRB. The analyzed Ca in the three diets was 0.65%, 0.66%, and 1.16% for the basal, FFRB, and DFRB diets, respectively, and analyzed P concentrations were 0.60%, 0. Sows and growing pigs were placed in metabolism crates and fecal samples were collected using the marker to marker procedure. Fecal samples were stored at −20°C as soon as collected. At the conclusion of the experiment, fecal samples were dried at 65°C in a forced air oven, and ground through a 1 mm screen before analysis. Calcium and P in ingredients, diets, and fecal samples and phytase in all diet samples were analyzed as previously described (Casas and Stein 2015) .
Normality of data was confirmed using the UNIVARIATE procedure (SAS Institute Inc., Cary, NC, USA). The pig was the experimental unit for all analyses. Data were analyzed by analysis of variance using the PROC MIXED of SAS (SAS Institute Inc., Cary, NC, USA). Two statistical models were used. The first model was used to determine the effect of level of feed intake by gestating sows on the ATTD of Ca and P. This model included feeding level, diet, and the interaction between feeding level and diet as fixed effects and block and replicate nested within block as random effects. The second model was used to determine the effect of the physiological stage on the ATTD of Ca and P if both sows and growing pigs were fed 3.5 times the maintenance requirement for ME. This model included physiological stage, diet, and the interaction between the physiological stage and diet as fixed effects and replicate as the random effect. Least square means were calculated for each independent variable and were separated using the PDIFF option with Tukey's adjustment. Results were considered significant at P < 0.05. Interactions (P < 0.05) between level of feed intake by gestating sows and diet were observed for fecal excretion, fecal Ca output, and fecal P output, but the interaction was not significant for absorbed Ca or for the ATTD of Ca. Likewise, there were no interactions for absorbed P or for the ATTD of P (Table 1 ). The ATTD of Ca and P differed (P < 0.05) among the three experimental diets. However, the ATTD of Ca and P was not different between gestating sows fed 3.5× maintenance ME requirement and sows fed 1.5× maintenance ME requirement.
The ATTD of Ca in the basal diet fed to gestating sows at 1.5 times maintenance ME requirement obtained in Note: Within a row, means without a common lowercased letter are different (P < 0.05). ME, metabolizable energy; FFRB, full fat rice bran; DFRB, defatted rice bran; SEM, standard error of the mean. a Each least squares mean for experimental diets represents eight observations except for the DFRB diet fed to gestating sows at 3.5× maintenance ME (n = 7).
this experiment was less than values previously reported for gestating sows fed corn-and soybean-meal-based diets, but the ATTD of P was within the range of previous data (Nyachoti et al. 2006; Jang et al. 2014 ). However, the previous studies were conducted using the indicator method, whereas sows used in this experiment were placed in metabolism crates, which allowed for using the total collection method and it is possible that this difference between the present and previous studies is the reason different results were obtained.
To our knowledge, there have been no values previously reported for the digestibility of Ca and P in diets containing rice bran and fed to gestating sows. Both FFRB and DFRB have very high concentrations of P compared with other feed ingredients of plant origin, but these ingredients also have the greatest concentration of phytate of all feed ingredients fed to pigs, and the digestibility of P is, therefore, low if microbial phytase is not used in the diet (Casas and Stein 2015) . The observation that there is no effect of level of feed intake on the ATTD of P in diets containing rice bran indicates that P digestibility in diets containing FFRB or DFRB is very low even if animals are restricted in their feed intake.
The observation that the ATTD of Ca and P is not affected by the level of feed intake agrees with results for growing pigs indicating that the ATTD of Ca and P was not different between pigs fed 2.3 and pigs fed 2.8 times the requirement for maintenance (Mroz et al. 1994) . However, an increase in the ATTD of P as the level of feed intake by growing pigs increased has also been reported (Steiner et al. 2006) . It is not clear why level of feed intake appears to have no effect on the ATTD of Ca and P in sows, but it is possible that the different requirements between sows and growing pigs and the differences in stored Ca and P in the body between the two groups of animals are responsible for these differences. Provision of Ca and P that is between 50% and 150% of the requirement will not influence calculated values for digestibility of either mineral (Stein et al. 2008 (Stein et al. , 2011 , but a wide Ca:P ratio may reduce the ATTD of P (Stein et al. 2011) . The three diets used in this experiment had a Ca:P ratio that was between 0.7:1 and 1.1:1 and it is, therefore, unlikely that inclusion levels of Ca and P influenced results.
Interactions (P < 0.05) between physiological stage and diet were observed for fecal excretion, Ca intake, fecal Ca output, ATTD of Ca, P intake, fecal P output, and ATTD of P, but the interaction was not significant for absorbed Ca and absorbed P ( Table 2 ). The ATTD of Ca was greater (P < 0.05) if gestating sows were fed the DFRB diet than the FFRB diet, but the ATTD of Ca did not differ among the three experimental diets fed to growing gilts (interaction, P = 0.026). The ATTD of P was greater (P < 0.05) if gestating sows were fed the basal diet than the FFRB diet, but the ATTD of P was greater (P < 0.05) if growing gilts were fed the basal diet than the FFRB or the DFRB diets (interaction, P = 0.002). Gestating sows also had reduced (P < 0.001) ATTD of Ca and P compared with growing gilts.
The ATTD of Ca in the FFRB and DFRB diets fed to the growing pigs in this experiment were close to the values calculated in previous studies that used 30%-50% rice bran in the diets (Casas and Stein 2015) . The ATTD of P in the DFRB diet was also in agreement with previous data (Casas and Stein 2015) . However, the value for ATTD of P in the FFRB diet fed to growing gilts was less than values reported from other studies (Casas and Stein 2015; Lucca et al. 2017) . The inclusion rate of FFRB in the study by Lucca et al. (2017) was 10%-30%, whereas 40% was used in the present study. The observation that Table 2 . Effect of physiological stage on apparent total tract digestibility (ATTD) of calcium (Ca) and phosphorus (P) in experimental diets fed to sows in mid-gestation and to growing gilts at 3.5× maintenance requirement for metabolizable energy (ME). Note: Within a row, means without a common lowercased letter are different (P < 0.05). FFRB, full fat rice bran; DFRB, defatted rice bran; SEM, standard error of the mean.
a Each least squares mean for experimental diets represents eight observations except for the DFRB diet fed to gestating sows at 3.5× maintenance ME (n = 7).
the ATTD of P in the diet containing FFRB fed to growing gilts was less than in the basal diet is likely a result of the inclusion of dicalcium phosphate in the basal diet and the lower concentration of phytate in this diet compared with the diet containing FFRB. It is also likely that because of the very high concentration of phytate in FFRB, a greater level of phytase is needed to liberate all P from phytate than used in this experiment.
The observation that the ATTD of Ca and P in growing pigs is greater than in sow is in agreement with previous data obtained using the index method rather than the total collection method (Kemme et al. 1997 ). It is not clear what the reasons for the differences in ATTD of Ca and P between sows and growing pigs are. Because both groups of animals were provided the same amount of feed relative to the maintenance requirement and because the level of feed intake in sows does not affect ATTD of Ca and P, differences due to different levels of feed intake are unlikely to have contributed to the differences observed between sows and growing gilts. It is, however, possible that the period in gestation in which diets are fed may influence results because sows in mid-gestation-as were used in this experimentmay have lower response to microbial phytase than sows in early or late gestation (Kemme et al. 1997 ). However, because we used sows only during one period in gestation, we are not able to confirm this hypothesis.
Greater endogenous loss of P from gestating sows than from growing pigs has been reported, which likely results in reduced ATTD of P in sows compared with growing pigs (Bikker et al. 2017) . However, the differences in ATTD of both Ca and P between sows and growing pigs were greater than what can be explained by differences in endogenous losses. It, therefore, appears that there are physiological differences between sows and growing pigs that are responsible for the differences in ATTD of Ca and P, but the mechanisms that result in these differences are yet to be elucidated.
In conclusion, the level of feed intake did not affect the ATTD of Ca or P in gestating sows fed diets containing corn and soybean meal, or corn, soybean meal, and FFRB or DFRB. However, gestating sows have reduced ATTD of Ca and P compared with growing gilts and the ATTD of Ca and P by gestating sows appears to be very low. Formulating diets for sows using values for ATTD of Ca and P obtained in growing pigs, therefore, may result in inaccuracies.
